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488a Tuesday, March 8, 2011assay, AgCNTs at a concentration of 50 mg/mL showed an inhibition zone of
24.1 þ 4.14 mm for Salmonella, while the growth curve assay showed that the
lag phase was prolonged, and bacterial growth was reduced by 29.5%, as com-
pared to the negative control. The standard plate count assays showed that the
Minimum Inhibitory concentration of AgCNTs was between 50 - 100 mg/mL.
Quantitative real-time PCR analysis showed that there was a dose-dependent
reduction in Salmonella ttrRSBCA locus DNA concentration after exposure to
AgCNTs. By comparison to AgCNTs, commercial silver nanoparticles or
CNTs alone did not inhibit bacterial growth or gene expression significantly
as tested by the assays mentioned above. SEM studies showed that the
AgCNTs damaged the bacterial membranes with marked changes in morphol-
ogy; TEM studies also confirmed the presence of fewer bacterial cells with
damaged membranes. AFM studies are currently being conducted to further
assess the mechanism by which AgCNTs inhibit Salmonella enterica serovar
Typhimurium.
2648-Pos Board B634
Detection of Salmonella from Food using UV-Laser Induced Breakdown
Spectroscopy
Courtnee’ R. Bell, Cleon Barnett, Shreekumar Pillai, Angel Hundley,
Komal Vig, Vida Dennis, Shree Singh.
Salmonella infections have increasingly become a major public health prob-
lem, and early detection is crucial to prevent economic and human losses.
Laser-Induced Breakdown Spectroscopy, or LIBS, is the newest technique
that could perhaps be used as a rapid and sensitive technology for the detec-
tion of Salmonella in foods. To investigate this hypothesis we used
a Nd:YAG laser with operating wavelength of 266 nm to generate spectral
fingerprints from brain heart Infusion (BHI), and chicken broth artificially in-
oculated with a range of concentrations (10 - 10 8 cfu/ml) of Salmonella en-
terica serovar Typhimurium. These results were then compared with standard
detection methods including PCR and qPCR. LIBS could detect up to 105
CFU/ml of Salmonella from BHI, and 107 CFU/ml from chicken broth with-
out extended sample processing. By comparison 102 CFU /ml could be de-
tected by PCR from BHI, and up to 104 CFU/ml from chicken broth. qPCR
was the most sensitive technique with detection limits of 10 cfu/ml from
BHI and 102 CFU /ml from chicken broth. Our findings suggest that
LIBS may be a potentially useful technique to detect bacterial foodborne
contamination without extended sample processing. LIBS has fast analysis
time, and is easy to perform as compared to competing techniques. However,
the sensitivity and specificity of the assay needs to be improved for field
applications.
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Molecular Hydrogen Formation by Escherichia Coli Hydrogenase 3 dur-
ing Fermentation of Glucose at Slightly Acidic pH
Anna Poladyan, Anna Poghosyan, Karen Trchounian, Armen Trchounian.
Molecular hydrogen (H2) can be produced by Escherichia coli during mixed-
acid fermentation of sugars (glucose) or glycerol via membrane-bound formate
hydrogen lyase complex (FHL), which is composed by formate dehydrogenase
H and hydrogenases (Hyd). This bacterium possesses different hydrogenases.
pH can influence on activity of hydrogenases which might determine formate
metabolism and H2 production.
In this study it’s shown that at slightly acidic pH (pH 6.5), during fermentation of
glucose E. coliwild type produces H2. The H2 production yield and its rate deter-
mined by redox measurements was decreased in DfhlA mutant with deletion of
transcriptional activator of Hyd-3 or Hyd-4, and stimulated in DhybB or DhybC
mutants (with defective Hyd-1 orHyd-2, respectively) andDhybCDhybB double
mutant (with defectiveHyd-1 andHyd-2). H2 production rate was not inhibited in
DhyfGmutantwith defectiveHyd-4.N,N’-dicyclohexylcarbodiimide (DCCD) or
sodium azide, the inhibitors of proton translocating F0F1-ATPase, suppressed H2
production in wild type andmutant strains studied. Thus, at pH 6.5 Hyd-3 but not
Hyd-4 may participate in the H2 formation whereas Hyd-1 and Hyd-2 probably
operate in H2 oxidation mode. During glucose fermentation at pH 6.5 hydroge-
nases have relationship with the F0F1-ATPase. The relationship has been clearly
demonstrated for the cells grown at alkaline pH (pH 7.5) that is playing an impor-
tant role in generation of DmH
þ, or detoxification of formic acid formed during
fermentation and neutralization of the cytoplasm.
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Chirality-Mediated Structure-Properties Relationship in Biomaterials
Marc Taraban, Yue Feng, Yihua Bruce Yu.
The phenomenon of the homochirality of life, its origin and implications remains
one of themost enigmatic fields of science. It has been shown that homochirality
provides necessary control for proper protein dynamics (folding) and is a funda-
mental basis of selectivity in all biochemical processes. Little is known, though,
about the implications of the structural phenomenon of homochirality on thestrength, elasticity, and other relevant mechanical characteristics of biopoly-
mers. However, these effects could be profound and lead to significant morpho-
logical differences of the resulting biomaterial which is relevant to a number of
severe human pathologies. Here, we present the detailed study of the peptide hy-
drogels assembled from a pair of self-repulsive but mutually attractive
oppositely-charged oligopeptides with identical (homochiral) or mirror (hetero-
chiral) chirality. Nanoscale structural andmorphological characteristics derived
from the SANS data demonstrate the distinctions between homochiral and het-
erochiral hydrogels as seen from the 2D cross-sections of the fibers, pair-wise
distance distribution functions and the mass-fractal and correlation length anal-
ysis. 1H NMR was used to monitor faster gelation kinetics for heterochiral gels
as compared to the homochiral ones, and to observe the differences in the diffu-
sion coefficients and T1 and T2 relaxation times. Studies at the nanoscale and
molecular level have allowed us to suggest how these differences translate
into the distinctive mechanical strength and elasticity of such homochiral and
heterochiral hydrogels observed by means of dynamic rheometry. Our findings
show that homochiral biomaterials are characterized by much better visco-
elastic properties, thus possessing evident stability advantages over the hetero-
chiral ones.
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Do Cellulases Exhibit Diffusion Along Cellulose Surfaces? Evidence from
FRAP and Single Molecule Experiments
Jose M. Moran-Mirabal, Jacob C. Bolewski, Larry P. Walker.
Cellulases are important enzymes in biofuel production because they hydrolyze
cellulose into soluble oligosaccharides. Cellulase structure is modular, typi-
cally composed of one or more cellulose binding modules (CBM) and a cata-
lytic domain (CD). The current view of cellulase-cellulose interactions is
that cellulases first adsorb onto the cellulose surface via the CBM, increasing
their local concentration at the surface and facilitating the attachment of the
CD for catalysis. Based on earlier FRAP experiments, it has been further as-
sumed that cellulases can steadily diffuse along the cellulose surface until a cat-
alytic site is found. To test these notions we conducted FRAP and single
molecule tracking (SMT) experiments for Thermobifida fusca cellulases ad-
sorbed onto bacterial micro-crystalline cellulose. Our findings show that cellu-
lase surface diffusion cannot be accurately determined by FRAP measurements
alone, due to their highly dynamic binding/unbinding, especially at tempera-
tures where catalytic activity occurs. FRAP data shows that under constant
buffer flow, where rebinding of enzymes is removed, cellulases exhibit limited
fluorescence recovery, arguing that surface diffusion plays a minor role in the
recovery observed in previous experiments. These observations were further
confirmed by SMT, where limited surface diffusion was observed for endocel-
lulases, and no significant surface diffusion was observed for exocellulases.
Our observations are consistent with a model where surface diffusion occurs
when cellulases are bound to the surface solely by their CBM. Thus, exocellu-
lases which have the cellulose fibrils threaded into their CD cannot exhibit fast
long range displacements, while endocellulases which have open catalytic
clefts can exhibit surface diffusion based on the loose attachment to the surface
via the CBM. These experiments shed light onto the molecular mechanisms of
cellulase-cellulose interactions and challenge some of the notions of surface
diffusion of cellulases.
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Investigating Cellulase Synergistic Binding and Activity on Simple and
Complex Cellulose Morphological Structures
Marie Donnelly, Jose M. Moran-Mirabal, Stephane C. Corgie,
Harold G. Craighead, Larry P. Walker.
Cellulases are an important class of cell-wall degrading enzymes that bio-
chemically convert cellulosic feedstocks to fermentable sugars. Understanding
the molecular basis of cellulase interactions responsible for synergistic behav-
ior observed between cellulases is critical for rationally designed enzyme cock-
tails. Traditional biochemical techniques that take indirect bulk solution
measurements of free protein to determine bound protein concentration are lim-
ited in resolving spatial and temporal patterns of enzyme diffusion and binding
that are key to understanding synergism. Integrating advanced imaging tech-
niques like epi-fluorescent microscopy with the existing biochemical data
will allow us to overcome these limits and offer the potential for extracting
greater insight into the molecular mechanisms that govern cellulase synergism.
Binding kinetic data for multiple cellulases with different catalytic actions co-
localizing on simple and complex cellulose morphologies can be determined
with a high degree of spatial and temporal resolution that has not previously
been possible; thus, allowing for a more in-depth exploration of the heteroge-
neous catalytic interactions between synergistic cellulases.
Pure fluorescently labeled populations of Thermobidfida fusca endocellulase
Cel5A, and exocellulase Cel6B, were applied to immobilized cellulose.
Tuesday, March 8, 2011 489aExperiments were conducted at room temperature to measure binding without
activity, at 45C to measure binding near peak enzymatic activity and at an in-
termediate temperature. Binding data, in the form of fluorescent images was re-
corded using time-lapsed fluorescence microscopy with images taken at defined
intervals for a period of four hours to ensure saturating conditions. Kinetic bind-
ing curves were established for mixtures of these two cellulases at each temper-
ature to observe the effect of temperature and hydrolytic activity on cellulase
binding.
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Cavitation Damage in Thrombi Under High Intensity Focused Ultrasound
Hope Weiss, Golnaz Ahadi, Thilo Hoelscher, Andrew Szeri.
Stroke is the third most common cause of death in the United States, with
about 87% of these being ischemic. Recent studies, in vitro and in vivo,
have shown that High Intensity Focused Ultrasound (HIFU) accelerates throm-
bolysis, the dissolution of blood clots, for ischemic stroke. Although the mech-
anisms are not fully understood, cavitation is thought to play an important role
in sonothrombolysis. Acoustic cavitation is typically divided into two cate-
gories describing the bubble behavior: stable cavitation describes bubbles un-
dergoing smooth oscillations, while inertial cavitation is characterized by rapid
growth followed by violent collapses. Possible mechanisms associated with
both stable cavitation (i.e. microstreaming) and inertial cavitation (i.e. micro-
jets) are thought to increase clot lysis by enhancing the delivery of a throbolytic
agent.
The damage to a blood clot’s fibrin fiber network frombubble collapses in aHIFU
field is studied. The region of damage of the fiber network caused by a single bub-
ble collapse is estimated and compared with experimental measurement of the
damage.Two independent approaches, a strainbasedmethodand an energybased
method, are used to investigate the mechanical damage to the network. Immuno-
fluorescence fibrin staining is used to assess the region of damage experimentally.
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Transport Processes in Vaginal Films that Release Anti-HIV Microbicide
Molecules
Savas Tasoglu, Andrew J. Szeri, David F. Katz.
A promising method for blocking sexual transmission of HIV is application of
topical microbicide molecules to mucosal surfaces and the fluids contacting
them. There is widespread agreement thatmore effective and diverse drug deliv-
ery vehicles, as well as better active ingredients, must be developed to increase
microbicide efficacy. There is now great interest in developing a variety of de-
livery vehicles to suit the preferences of a diverse group of users. These include
intravaginal rings and dissolving films, as well as the original microbicide gels.
Here, we develop a mechanistic mathematical model of the dissolution of a mi-
crobicide-bearing polymer film, and subsequent distribution of its active drug
throughout the vaginal lumen. The film dissolves by first imbibing (or taking
up) solvent (vaginal fluid), whereupon its material structure changes in a way
that frees individual polymer molecules in the film to move. In the model, the
polymer structural relaxation via water uptake forms a two-phase, glassy-rub-
bery system in which interfacial movement follows Fickian (i.e. diffusion dom-
inated) dynamics. However, at some intermediate time the interfacial motion
ceases to follow Fickian dynamics, due to viscoelastic stresses in the polymer.
As the glassy polymer transforms into a rubbery polymer, drugs carried within
the film are freed to move throughout the relaxed network, and begin to diffuse
through the vaginal lumen in all directions, especially laterally between the ap-
posed vaginal walls. Therefore, as the initially fully glassy polymer matrix re-
laxes to a two-phase, glassy-rubbery system, the governing diffusion equation
is simultaneously solved to track the motion of released drug molecules in the
vaginal lumen and model the drug delivery. This is the first mechanistic model
of how a vaginal film releases microbicidal molecules to neutralize HIV virions
and inhibit transmission. [Supported by NIH AI077289]
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Probing the Directional Structure and Intracellular Microrheology of
Vascular Endothelial Cells
Kathryn E. Osterday, Manuel Gomez, Jerry Norwich, Shu Chien,
Juan Carlos del Alamo.
Vascular endothelial cells remodel their cytoskeleton in response to blood
flow. As a result the directionality and the rheological properties of the cy-
toplasm change. The magnitude of these properties is important because it
sets the level of intracellular deformation in response to stress. The direction-
ality of these properties is equally important because it allows the cell tomodulate the stress-strain relation differently along different directions. We
aim to elucidate the relation between the structural organization of the cyto-
plasm and the directionality of its rheological properties by 1) measuring the
local orientation of fluorescently labeled intracellular filaments and 2) deter-
mining the local directions of the maximum and minimum intracellular vis-
cosity. We measure the viscoelastic properties of the cell by using Particle
Tracking Microrheology. The current formulation is based under the assump-
tion of studying an isotropic fluid, what is not adequate for the cell cyto-
plasm. We studied the drag force experienced by a microsphere in an
anisotropic viscoelastic network (the cytoskeleton) permeated by a back-
ground liquid (the cytosol), in the limit of strong frictional coupling. By solv-
ing this problem analytically, we provide new closed-form microrheology
formulae that relate the Mean Squared Displacements of the particle mea-
sured experimentally to the anisotropic properties of the network. Tracking
the random motion of endogenous particles in 2D and applying these novel
microrheology formulae provide measurements of the directional intracellular
viscosities. Our results indicate that the local viscosity is lowest along the di-
rection parallel to the filaments and that the viscosity in the perpendicular di-
rection is approximately 5 times larger. Under these conditions previous
microrhelogy methods that assumed Stokes drag for the particles have errors
in excess of 500{r%}.
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Platelet Adhesion to Keratin Biomaterial Hydrogels under Physiologic
Flow Conditions
Justin L. Sigley, Ma´ria Bahawdory, Roy Hantgan, Mark Van Dyke,
Martin Guthold.
Keratin biomaterial-based hydrogels have demonstrated hemostatic character-
istics in animal models. However, little is known about the mechanisms con-
tributing to these properties. Platelet adhesion to keratin appears to be
mediated by b1 and b3 integrins in static adhesion assays. However, these as-
says did not replicate physiological flow conditions where other factors are
known to play a role.
In this study we investigated how keratin biomaterial hydrogels influence plate-
let adhesion under physiologic flow conditions. The goal of these experiments
was to quantify the adhesion of platelets to the surface of keratin hydrogels and
determine which integrins are involved under physiologically relevant shear
stress. Whole blood was taken from healthy volunteers and the platelets fluores-
cently dyed with mepacrine. The blood was pumped through a flow chamber
situated on an inverted fluorescence microscope. Digital images were recorded
every 15 seconds for the duration of the experiment and the number of adhered
platelets counted. Results show that keratin biomaterial hydrogels promote
platelet adhesion in numbers similar to collagen controls.
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Biocompatibility of Single Crystalline Ferromagnetic Shape Memory
Films for Cell Actuation
Mareike Zink, Yanhong Ma, Stefan G. Mayr.
Ferromagnetic shape memory alloys (FSMAs) have received great attention re-
cently as an exciting class of smart functional materials. They exhibit large re-
versible strains of several percent at moderate stresses due to an external
magnetic field induced reorientation of twin variants in the martensitic phase.
External controllability at constant temperatures and sufficiently high strains
thus make them excellent candidates for biomedical actuation devices, such
as surgical implant materials, applying for bone prostheses or drug delivery sys-
tems. In comparison to conventional shape memory alloys, FSMA bears the
significant potential for miniaturized devices for single cell actuation which
is capable of yielding magnetically controllable shear strains and/or volume di-
lations of several percent, thus perfectly matching the requirements of cell in-
vestigations. However, the biocompatibility of this material must first be well
confirmed as it has not been done yet. Thus, our work focuses on the interaction
of fibroblast cells with single crystalline Fe70Pd30 FSMA films on MgO sub-
strates. Additionally, corrosion resistance of the films was obtained employing
simulated body fluid (SBF) tests. Calcium-phosphate aggregates with granular
microstructure were detected on the film surface after soaking in SBF. Cell vi-
ability and biocompatibility tests with NIH 3T3 cells revealed that the cells ad-
hered and proliferated on the surface of the FSMA, whereas cells were smaller
compared to cells on culture dish surfaces. Biocompatible polymer coatings on
the Fe70Pd30 film can be employed to improve cell proliferation and cell-
substrate interactions.
